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1
ROTATING ELECTRICAL MACHINE

TECHNICAL FIELD

The present invention relates to a cooling structure of a
rotating electrical machine.

BACKGROUND ART

A rotating electrical machine that is mounted on a hybrid
electric vehicle, an electric vehicle, and the like includes a
rotor and a stator that is arranged at an outer diameter side of
the rotor on which a stator coil is wound.

For giving driving force to the vehicle by the rotating
electrical machine, electrical current is passed through the
stator coil so as to give rotational force to the rotor. In addi-
tion, when generating electric power by the rotating electrical
machine, current generated at the stator coil by rotation of the
rotor is obtained.

At this time, heat is generated at the stator coil and the
stator core due to loss in the rotating electrical machine.
Insulation material used for the rotating electrical machine
has an upper temperature limit to assure insulation perfor-
mance, and the rotating electrical machine needs to be cooled
s0 as not to exceed the temperature limit.

There are two types of cooling methods to cool rotating
electrical machines, i.e., an air cooling method in which air is
used as a cooling medium and a liquid cooling method in
which liquid is used as a cooling medium. There are two types
ofliquid cooling methods, i.e., an indirect cooling method in
which cooling liquid is caused to flow through a liquid cool-
ing jacket provided at an outer diameter side of the stator core
and the like so as to perform cooling through the liquid
cooling jacket and a direct cooling method in which an insu-
lating liquid such as oil is directly applied to a heat generating
region of the rotating electrical machine such as the stator coil
s0 as to cool the region.

The direct cooling method allows the overall size of the
rotating electrical machine to be reduced because no liquid
cooling jacket is needed and also has an excellent cooling
performance because a cooling medium can be directly
applied to a heat generating region, so that the direct cooling
method is adopted in a multitude of rotating electrical
machines.

Patent Literature 1, for example, discloses a cooling system
in which a cooling medium passage is provided on an outer
circumference side of a stator and a cooling medium is
spouted from an outlet port bored in the cooling medium
passage to a stator coil end, so that a coil is cooled by the
cooling medium flowing on the surface of the stator coil end
due to jet pressure and gravity.

CITATION LIST

Patent Literature
[PATENT LITERATURE 1] Japanese Laid-Open Patent
Publication No. 2005-253263

SUMMARY OF INVENTION

Technical Problem

However, in the cooling system of Patent Literature 1, a
part ofthe cooling medium is removed along the way from the
coil surface due to vibration and gravity and thus does not
contribute to cooling. In other words, a difference in cooling
performance occurs depending upon a circumferential posi-
tion of the coil end, so that coil temperature may rise locally.
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Solution to Problem

A rotating electrical machine according to a first aspect of
the present invention, comprises: a stator that includes a stator
core and a stator coil; a rotor that rotates with respect to the
stator; a refrigerant supply port through which a cooling
medium is supplied to a coil end protruding from the stator
core; and a guide member, disposed along at least a part of the
coil end, for causing the cooling medium supplied through the
refrigerant supply port to flow along the coil end.

According to a second aspect of the present invention, in
the rotating electrical machine according to the first aspect, a
rotating shaft of the rotor is placed horizontally; and above a
horizontal plane including the rotating shaft, the guide mem-
ber may be disposed on at least a part of an inner circumfer-
ence side of the coil end, and below the horizontal plane
including the rotating shaft, the guide member may be dis-
posed on at least a part of an outer circumference side of the
coil end.

According to a third aspect of the present invention, in the
rotating electrical machine according to the first or second
aspect, the guide member may be formed of an insulation
paper that insulates between the stator core and the stator coil.

According to a fourth aspect of the present invention, in the
rotating electrical machine according to the first to third
aspects, a guide groove for guiding a flow of the cooling
medium in a circumferential direction may be formed on a
surface of the guide member.

According to a fifth aspect of the present invention, in the
rotating electrical machine according to the first aspect, the
stator coil is wound on a tooth of the stator core through a
bobbin; a flange extending in a rotation axis direction of the
rotor may be formed at an axial end of the bobbin; and an end
portion of the flange may be bent in a radial direction of the
rotor so as to form the guide member.

According to a sixth aspect of the present invention, in the
rotating electrical machine according to the fifth aspect, a
rotating shaft of the rotor is placed horizontally; above a
horizontal plane including the rotating shaft, the guide mem-
ber may be formed by bending radially outward the flange
that is arranged radially inward of the coil end; and below the
horizontal plane including the rotating shaft, the guide mem-
ber may be formed by bending radially inward the flange that
is arranged radially outward of the coil end.

A rotating electrical machine according to a seventh aspect
of the present invention, comprises: a stator that includes a
stator core and a stator coil; a rotor that rotates with respect to
the stator; and a refrigerant supply port through which a
cooling medium is supplied to a coil end protruding from the
stator core, wherein: a guide groove that guides the cooling
medium is formed on an outer circumference surface and/or
an inner circumference surface of the coil end.

According to an eighth aspect of the present invention, in
the rotating electrical machine according to the seventh
aspect, a rotating shaft of the rotor is placed horizontally; and
above a horizontal plane including the rotating shaft, the
guide groove may be formed on an outer circumference sur-
face of the coil end, and, below the horizontal plane including
the rotating shaft, the guide groove may be formed on an inner
circumference surface of the coil end.

According to a ninth aspect of the present invention, in the
rotating electrical machine according to the seventh or eighth
aspect, it is preferable that the guide groove is formed to be
recessed on a surface of the coil end.

According to a tenth aspect of the present invention, in the
rotating electrical machine according to the seventh or eighth
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aspect, it is preferable that the guide groove is formed by
providing an insulation rib in a protruding manner on a sur-
face of the coil end.

A rotating electrical machine according to an eleventh
aspect of the present invention, comprises: a stator that
includes a stator core and a stator coil; a rotor that rotates with
respect to the stator; and a refrigerant supply port through
which a cooling medium is supplied to a coil end protruding
from the stator core, wherein: the stator coil is constituted by
connecting a plurality of coil segments; at the coil end, an
insulation resin film is formed over at least some of gaps
between connection end portions that connect end portions of
coil segments; and by the connection end portions and the
insulation resin film, a guide member is formed for causing a
cooling medium supplied through the refrigerant supply port
to flow along the coil end.

According to a twelfth aspect of the present invention, in
the rotating electrical machine according to the eleventh
aspect, a rotating shaft of the rotor is placed horizontally; and
the guide member may be formed by forming, above a hori-
zontal plane including the rotating shaft, the insulation resin
film on an inner circumference of the connection end portions
of the coil segments and by forming, below the horizontal
plane including the rotating shaft, the insulation resin film on
an outer circumference of the connection end portions of the
coil segments.

A rotating electrical machine according to a thirteenth
aspect of the present invention, comprises: a stator that
includes a stator core and a stator coil; a rotor that rotates with
respect to the stator; a refrigerant supply port through which
a cooling medium is supplied to the coil end; and a lid-like
member that covers at least a part of the coil end and that
allows the cooling medium to flow thereinto and to be dis-
charged therefrom.

A rotating electrical machine according to a fourteenth
aspect of the present invention, comprises: a stator that
includes a stator core and a stator coil; a rotor that rotates with
respect to the stator; and a refrigerant supply port through
which an oil based cooling medium is supplied to a coil end
protruding from the stator core, wherein: an inner circumfer-
ence surface and/or an outer circumference surface of the coil
end are/is applied with a coating material having a higher
lipophilicity than that of a coating material applied to a top
end face.

Advantageous Effect of the Invention

According to the present invention, a coil end of a stator
coil is uniformly cooled, thereby improving cooling perfor-
mance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a first embodiment of
a rotating electrical machine according to the present inven-
tion.

FIG. 2 is a perspective sectional view of the rotating elec-
trical machine of FIG. 1.

FIG. 3 is a cooling system diagram of the rotating electrical
machine of FIG. 1.

FIG. 41s a perspective view showing a second embodiment
of the rotating electrical machine according to the present
invention.

FIG. 5 is a perspective sectional view of the rotating elec-
trical machine of FIG. 4.

FIG. 6 is a front view showing an insulation paper used for
a third embodiment of the rotating electrical machine accord-
ing to the present invention.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 7 is a perspective view showing the rotating electrical
machine in which a guide plate is formed of the insulation
paper of FIG. 6.

FIG. 8 is a partial perspective view of a cooling medium
guide plate used for a fourth embodiment of the rotating
electrical machine according to the present invention.

FIG. 9 is a perspective view showing the rotating electrical
machine to which the guide plate of FIG. 8 is applied.

FIG. 10 1is a partial perspective view showing a variation of
the guide plate of FIG. 8.

FIG. 11 is a partial perspective sectional view of the stator
in a fifth embodiment of the rotating electrical machine
according to the present invention.

FIG. 12 is a perspective view showing the rotating electri-
cal machine including the stator coil of FIG. 11.

FIG. 13 is a perspective sectional view of the stator in a
sixth embodiment of the rotating electrical machine accord-
ing to the present invention.

FIG. 14 is a partial perspective view and an exploded view
of the stator of FIG. 13.

FIG. 15 is a partial perspective sectional view of the stator
in a seventh embodiment of the rotating electrical machine
according to the present invention.

FIG. 16 is a partial perspective sectional view of the stator
in an eighth embodiment of the rotating electrical machine
according to the present invention.

FIG. 17 is a perspective view showing a variation of the
third embodiment of the rotating electrical machine accord-
ing to the present invention.

FIG. 18 is a perspective view showing a variation of the
third embodiment of the rotating electrical machine accord-
ing to the present invention.

FIG. 19 is a perspective view showing a ninth embodiment
of the rotating electrical machine according to the present
invention.

FIG. 20 is a perspective view showing a tenth embodiment
of the rotating electrical machine according to the present
invention.

DESCRIPTION OF EMBODIMENTS
First Embodiment

The first embodiment of a rotating electrical machine
according to the present invention is shown in FIG. 1 to FIG.
3. FIG. 1, FIG. 2, and FIG. 3 are a perspective view, a per-
spective sectional view, and a cooling system diagram,
respectively, that show the first embodiment of the rotating
electrical machine.

A rotating electrical machine 1 of the first embodiment
includes a housing 8, a stator core 21, a stator coil 22, and a
rotor 3 that are housed in the housing 8, and a rotating shaft 20
that is provided in the center of the rotor 3. The stator core 21
and the stator coil 22 constitute a stator. The stator coil 22 is
wound on a plurality of slots formed between a plurality of
teeth of the stator core 21 that are not illustrated. A coil
portion protruding from an axial end of the slot is referred to
as a coil end 22E. The stator coil 22 is prepared by winding a
coil conductor but illustration of individual coils is curtailed
for the sake of convenience.

The both axial ends of the coil end 22E in the stator coil 22
are provided with guide members formed of a sheeted mate-
rial, i.e., guide plates 41 and 42. More specifically, above the
horizontal plane including the rotating shaft 20, the substan-
tially semi-circle guide plate 41 opening downward is pro-
vided around the rotating shaft 20 along the upper half portion
of'the coil end 22E. Below the horizontal plane including the
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rotating shaft 20, the substantially semi-circle guide plate 42
opening upward is provided around the rotating shaft 20
along the lower half portion of the coil end 22E.

The guide plates 41 and 42, formed of a thin plate, protrude
from both end faces of the stator core 21 substantially hori-
zontally in parallel with the rotating shaft 20 of the rotating
electrical machine 1. The protrusion length ofthe guide plates
41 and 42 is longer than the protrusion length of the coil end
22E from the end face of the stator core 21. The guide plate 41
on the upper side is provided along an inner circumference of
the stator coil 22 and has a width W1 that is substantially
equal to the inner circumference diameter of the stator coil 22.
The guide plate 42 on the lower side is provided along an
outer circumference of the stator coil 22 and has a width W2
that is substantially equal to the outer circumference diameter
of'the stator coil 22. The width W1 is less than the width W2.

FIG. 3 shows the cooling system of the rotating electrical
machine 1. A cooling medium RF is fed to a cooling medium
supply line 11 through a pump 9. The cooling medium supply
line 11 is routed up to above the coil end 22E. The cooling
medium RF is spouted from above towards the upper portion
of the coil end 22E through refrigerant supply ports 11A,
which are refrigerant outlet ports of the cooling medium
supply line 11. After spouted, the cooling medium RF moves
down the coil end 22E of the stator coil 22 by its spout
pressure and gravity and then drips down on an oil pan 10
provided below the rotating electrical machine 1. After drip-
ping down on the oil pan 10, the cooling medium RF is fed
again to the cooling medium supply line 11 through the pump
9.

After spouted from the cooling medium supply line 11, the
cooling medium RF flows down on the outer circumference
side of the coil end 22E from the upper portion of the coil end
22FE and hence cools the coil end 22E. In addition, the cooling
medium RF flows along the outer circumference surface of
the guide plate 41 on the upper side, then flows into the inner
circumference surface of the guide plate 42 on the lower side,
and after that, flows along the inner circumference surface of
the guide plate 42 to the lower end of the coil end 22E. Since
the cooling medium RF flows through the guide plates 41 and
42 while contacting the coil end 22FE, the coil end 22E can be
further cooled.

The following operations and advantageous effects can be
achieved according to the rotating electrical machine of the
first embodiment as above.

(1) The cooling medium RF flows along the coil end 22E
through the guide plates 41 and 42. In other words, the cool-
ing medium RF flows down to the lower end of the coil end
22E without being removed from the guide plates 41 and 42.
As a result, temperature at the stator coil 22 will not rise
locally, thereby improving cooling performance of the rotat-
ing electrical machine.

(2) The flow of the cooling medium RF along the guide
plates 41 and 42 is significantly slower than a traditional,
vertical flow along the coil end 22E and hence the cooling
medium RF contacts the stator coil 22 for a relatively long
period of time. In other words, the guide plates 41 and 42
guide and hold the cooling medium RF and thus can increase
cooling efficiency of the stator coil 22, thereby reducing rise
in the maximum temperature of the rotating electrical
machine.

(3) Since the width W1 of the guide plate 41 on the upper
side is less than the width W2 of the guide plate 42 on the
lower side, most of the cooling medium RF collected at the
guide plate 41 can flow into the guide plate 42, thereby cool-
ing the stator coil 22 efficiently.
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(4) Even though cooling performance is improved by
increasing a power requirement for cooling such as increasing
an amount of cooling medium spout, it does not meet the
current situation in which reduction in energy consumption is
an important issue. However, according to the rotating elec-
trical machine of the first embodiment, the rotating electrical
machine can be effectively cooled without wasting energy.

(5) Even though the cooling effect can be increased by
sealing the periphery of the coil end with a case and soaking
the coil end into the cooling medium, the rotating electrical
machine is increased in size and weight. According to the
rotating electrical machine of the first embodiment, however,
the periphery of the coil end will not be sealed with a case,
thereby not inhibiting reduction in the size of the rotating
electrical machine.

The rotating electrical machine of the first embodiment
may be varied as follows.

(1) While in FIG. 1 to FIG. 3, both of the guide plates 41
and 42 for the cooling medium are provided, any one of them
may be provided.

(2) While the guide plates 41 and 42 are provided at the
both axial ends of the coil end 22E, they may be provided only
at any one of the ends.

(3) While in FIG. 3, the cooling medium is pumped by the
pump 9, a structure in which the cooling medium drips down
by gravity from the upper portion of the rotating electrical
machine 1 may be adopted.

Second Embodiment

The second embodiment of the rotating electrical machine
according to the present invention is shown in FI1G. 4 and FIG.
5. FIG. 4 and FIG. 5 are a perspective view and a perspective
sectional view, respectively, showing the second embodi-
ment. Itis to be noted that in the figures, parts that are identical
or corresponding to those in the first embodiment are desig-
nated by the same reference numerals, and their description
will be curtailed.

Inthe second embodiment, the guide plates 41 and 42 in the
first embodiment are changed in shape. More specifically, the
guide plates 41 and 42 in the first embodiment are a single thin
plate protruding in the axial direction of the rotating shaft 20.
In the second embodiment, .-shaped guide plates 141 and
142 are provided corresponding to the guide plates 41 and 42
in the first embodiment.

The L-shaped guide plate 141 is formed to have an
L-shaped cross section by combining a thin plate 41 A having
a certain length in the rotation axis direction and a thin plate
41R having a certain length from its front end radially out-
wards the stator coil 22. The L-shaped guide plate 142 is
formed to have an .-shaped cross section by combining a thin
plate 42A having a certain length in the rotation axis direction
and a thin plate 42R having a certain length from its front end
radially inwards the stator coil 22.

After spouted from above the rotating electrical machine,
the cooling medium RF flows along the coil end 22E as well
as flows along the L-shaped flow guide plate 141 and the
L-shaped guide plate 142. In other words, the cooling
medium RF flows through a space 41S formed by the
L-shaped guide plate 141 and the coil end 22E. The space 41S
is a flow path having a substantially rectangular cross section
opening in the outer circumference direction of the rotating
electrical machine. In addition, the cooling medium RF flows
through a space 428 formed by the L-shaped guide plate 142
and the coil end 22E. The space 428 is a flow path having a
substantially rectangular cross section opening in the inner
circumference direction.
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According to the rotating electrical machine of the second
embodiment as above, the following operations and advanta-
geous effects can further be achieved at the same time the
operations and advantageous effects similar to those in the
first embodiment can be achieved.

(1) Since the spaces 418 and 428 are covered at the both
axial ends, the cooling medium RF flows in the circumferen-
tial direction while dipping the coil end 22E in the cooling
medium without being removed halfway towards the side. As
a result, cooling efficiency can be increased more than that in
the first embodiment is, and thus the cooling performance of
the stator coil 22 is not decreased locally, thereby reducing
rise in the maximum temperature of the rotating electrical
machine.

It is to be noted that, similarly to the first embodiment, at
least one of the L-shaped guide plates 141 and 142 may be
provided, or the guide plates 141 and 142 may be provided
only at one axial end of the coil end 22E. It may be arranged
that the cooling medium RF is pumped by the pump 9 or
caused to drip down by gravity.

Third Embodiment

The third embodiment of the rotating electrical machine
according to the present invention will be explained with
reference to FIG. 6 and FIG. 7.

FIG. 6 is a front view showing an insulation paper 5 for
ensuring electrical insulation between the stator core 21 and
the stator coil 22 and FIG. 7 is a perspective view showing the
rotating electrical machine 1 in which guide plates 241 and
242 are formed of the insulation paper 5. InFIG. 6, a direction
“a” corresponds to the circumferential direction of the stator
and a direction “b” corresponds to the direction of the rotating
shaft. In addition, a dimension “c” corresponds to a thickness
“s” of the stator core 21. It is to be noted that in the figures,
parts that are identical or corresponding to those in the first
embodiment are designated by the same reference numerals,
and their description will be curtailed.

In the third embodiment, the insulation paper 5 is attached
to the inner and outer circumferences of the stator coil 22 so
as to form the guide plates 241 and 242. In other words, as
shown in FIG. 7, each of the guide plates 241 and 242 pro-
vided at the coil end 22E of the rotating electrical machine 1
is formed of the insulation paper 5 shown in FIG. 6.

As shown in FIG. 6, in the center of the rectangular-shaped
insulation paper 5, a plurality of lateral rectangular hole sec-
tions 51 are equally spaced in parallel in the longitudinal
direction. The portion between the adjacent hole sections 51
is a slot engagement portion 52. The both exterior sides of the
hole sections 51 is provided with a flared portion 53 that
constitutes the guide plates 241 and 242. The width ¢ of the
hole sections 51 and the slot engagement portion 52 corre-
sponds to an axial length of the teeth and the slots that are not
illustrated, and a width d of the flared portion 53 corresponds
to a protrusion length of the guide plates 241 and 242 from the
stator coil end 22E.

The teeth of the stator core 21 are inserted into the hole
sections 51, and the slot engagement portions 52 are engaged
into the slots of the stator core 21. More specifically, in the
lower half portion of the rotating electrical machine 1, the
insulation paper 5 is attached to the outermost diameter (slot
bottom portion) of the slots of the stator core 21 so as to form
the guide plate 241 and, in the upper half portion thereof, the
insulation paper 5 is attached to the innermost diameter (slot
open side) of the slots of the stator core 21 so as to form the
guide plate 242.
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According to the rotating electrical machine of the third
embodiment as above, the following operations and advanta-
geous effects can further be achieved at the same time the
operations and advantageous effects similar to those in the
first embodiment can be achieved.

(1) The insulation paper 5 functions as an insulation mate-
rial that insulates between the stator core 21 and the stator coil
22 and also functions as the guide plates 241 and 242. As a
result, it is not necessary to prepare a separate member as the
guide plates 241 and 242, thereby achieving an advantageous
effect of allowing the guide plates 241 and 242 of the cooling
medium RF to be formed without increasing the number of
components.

The rotating electrical machine of the third embodiment
may be varied as follows.

(1) The insulation paper 5 does not necessarily have to be
an insulation paper. As long as a desired electrical insulation
performance can be ensured, a resin plate or the like may be
adopted.

(2) Afterthe insulation paper 5 is provided at the slots of the
stator core 21 and the stator coil 22 is wound through the slots,
a side end portion of a predetermined length at the flared
portion 53 may be bent towards the inner diameter side or the
outer diameter side of the stator core 21 so as to form the guide
plates 241 and 242 into the same shape as those in the second
embodiment. This achieves the same advantageous effect as
that of the second embodiment.

(3) As shown in FIG. 17, holes 53a may be provided on the
insulation paper 5 that forms the guide plate 241 so that the
cooling medium RF flows smoothly, thereby increasing the
cooling effect.

(4) As shown in FIG. 18, a rib 54 that circumferentially
extends may be provided on the flared portion 53 of the
insulation paper 5 that forms the guide plates 241 and 242 of
the third embodiment. The cooling medium RF is held and
guided on the guide plates 241 and 242 so that it flows
smoothly, thereby increasing the cooling effect. It is to be
noted that the rib 54 may be formed with a certain angle with
respect to the circumference.

Fourth Embodiment

The fourth embodiment of the rotating electrical machine
according to the present invention will be explained with
reference to FIG. 8 and FIG. 9.

FIG. 8 is a perspective view showing the surface of a guide
plate 341 (342) in detail, and FIG. 9 is a perspective view
showing the rotating electrical machine 1 to which the guide
plates 341 and 342 are applied. In FIG. 8, the direction “a”
corresponds to the circumferential direction of the stator and
the direction “b” corresponds to the axial direction of the
rotating shaft 20. It is to be noted that in the figures, parts that
are identical or corresponding to those in the first embodi-
ment are designated by the same reference numerals, and
their description will be curtailed.

On the surface of the guide plate 341 (342), a plurality of
ribs 43 that circumferentially extend are formed in parallel
with a circumferential direction. The guide plate 341 may be
provided with the ribs 43 on the outer circumference surface
and the guide plate 342 may be provided with the ribs 43 on
the inner circumference surface. However, when a common
component is used for the guide plates 341 and 342, the ribs
43 are to be provided on the both faces of the guide plates 341
and 342 as illustrated.

According to the rotating electrical machine of the fourth
embodiment as above, the following operations and advanta-
geous effects can further be achieved at the same time the
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operations and advantageous effects similar to those in the
first embodiment can be achieved.

(1) The cooling medium RF is guided by the ribs 43 so as
to smoothly flow along the circumference. This allows the
refrigerant to be guided to the both circumferential end por-
tions of the guide plate 341 and then to the lowest portion of
the guide plate 342 without providing the thin plates 41R and
42R having a function to prevent the refrigerant from being
removed axially as in the second embodiment. This can
improve the cooling performance.

(2) An L-shaped flow path formed by bending the axial top
end portions of the guide plates 341 and 342 in a similar
manner to the second embodiment facilitates control of the
flow of the cooling medium RF, compared to the L-shaped
flow path on a smooth surface, thereby achieving an advan-
tageous effect of improving the cooling performance.

(3) In other words, in the fourth embodiment, in addition to
the advantageous effects of the first and the second embodi-
ments, an advantageous effect of improving the cooling per-
formance can be achieved by making it easier to control the
flow of the cooling medium RF.

The rotating electrical machine of the fourth embodiment
may be varied as follows.

(1) While in FIG. 8, the ribs 43 are provided in parallel with
the circumference (in the direction a) of the stator coil 22, the
ribs 43 may be provided, as shown in FIG. 10, in a direction
having a certain angle with the direction a.

Fifth Embodiment

The fifth embodiment of the rotating electrical machine
according to the present invention will be explained with
reference to FIG. 11 and FIG. 12.

FIG. 11 shows a part of a perspective cross section of the
stator of the rotating electrical machine according to the fifth
embodiment, and FIG. 12 shows a perspective view of the
same rotating electrical machine.

In the fifth embodiment, the above-described guide plate is
not provided, and the coil end 22E of the stator coil 22 itself
is provided with a function to hold and guide the cooling
medium RF.

As shown in FIG. 11 and FIG. 12, guide grooves 23 that
extend circumferentially are formed (recessed) on the inner
circumference surface of the coil end 22E. Since as described
earlier, the stator coil 22 is configured by winding the coil
conductor on the slots, the guide grooves 23 are provided on
the surface of the coil conductor. The guide groove 23 can be
formed by, for instance, pressing a jig against the surface of
the coil conductor so as to form an indentation.

The following operations and advantageous effects can be
achieved according to the rotating electrical machine of the
fifth embodiment as above.

(1) After spouted towards the stator coil 22 and reached the
inner circumference of the coil end 22F, the cooling medium
RF flows along the inner circumference of the coil end 22E
while being guided by the guide grooves 23. Such configu-
ration causes the cooling medium RF to contact the inner
circumference of the coil end 22E for a long period of time
without being removed from the coil end 22E, thereby achiev-
ing an advantageous effect of improving the cooling perfor-
mance.

(2) The stator coil 22 itself is provided with a function to
hold and guide the cooling medium RF, so that the guide
plates 41 and 42 are unnecessary and the number of compo-
nents is reduced, thereby resulting in reduction of production
cost.
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The rotating electrical machine of the fifth embodiment
may be varied as follows.

(1) While in FIG. 11 and FIG. 12, the guide grooves 23 are
formed on the inner circumference surface of the stator coil
end 22, the guide grooves 23 may be formed on the outer
circumference of the stator coil end 22 or on both of the inner
and outer circumferences.

(2) While in FIG. 11 and FIG. 12, the guide grooves 23 are
formed to extend in a circumferential direction, it may be
formed to have a certain angle with respect to the circumfer-
ential direction.

Sixth Embodiment

The sixth embodiment of the rotating electrical machine
according to the present invention will be explained with
reference to FIG. 13 and FIG. 14.

FIG. 13 is a perspective sectional view of the stator in the
sixth embodiment of the rotating electrical machine accord-
ing to the present invention, and FIG. 14 is a partial perspec-
tive view and an exploded view of the stator of FIG. 13. It is
to be noted that in the figures, parts that are identical or
corresponding to those in the first embodiment are designated
by the same reference numerals, and their description will be
curtailed.

The rotating electrical machine according to the present
embodiment intends a rotating electrical machine that uses a
split stator core constituted by coupling a plurality of core
blocks in a circumferential direction and adopts a stator wind-
ing method of concentrated winding, and uses as a guide plate
a part of bobbin on which the stator coil is wound.

As shown in FIG. 13, the stator core 21 of the rotating
electrical machine 1 is constituted by coupling a plurality of
stator core blocks 21B shown in FIG. 14 in a circumferential
direction. The stator core block 21B is constituted with a core
portion CB and a tooth portion TB, and the stator coil 22 is
wound on the tooth portion TB through a bobbin 6. The
bobbin 6 is divided into two parts, and each part of the bobbin
6 is attached from either end of the rotation axis direction of
a tooth portion 24. The coil conductor is wound for a prede-
termined number of turns on the bobbin 6 attached to the tooth
portion 24 and thus the stator coil 22 is constituted. It is to be
noted that a protrusion 21a and a recess 215 are provided at
the both end faces in a circumferential direction of the core
portion CB.

Both ends of the bobbin 6 (in the vertical direction of FIG.
14) are formed with a pair of upper and lower flanges 61 that
extends in the axial direction of the stator coil 22. For the
bobbins 6 above the horizontal plane including the rotating
shaft 20, one of the flanges 61, i.e., the flange 61 of the tooth
top end side, is bent in an outer diameter direction of the
rotating electrical machine to form a guide plate 441 having
an L-shaped cross section, similarly to the second embodi-
ment. For the bobbins 6 below the horizontal plane including
the rotating shaft 20, the front end portion of the flange 61 on
the tooth base side is bent in an inner diameter direction ofthe
rotating electrical machine to form a guide plate 442 having
an L-shaped cross section, similarly to the second embodi-
ment.

While a coil conductor is to be wound on the bobbin 6, it is
difficult to wind the stator coil 22 on the bobbin 6 in a state
where the flange 61 is bent. Therefore, after the stator coil 22
is wound, the top end portion of the flange 61 of the bobbin 6
is bent. It is to be noted that both end portions of the coil
conductor are drawn from each core block 21B, and end
portions of adjacent same-phase coil wires are connected
with each other by a connection coil.
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As shown in FIG. 13, above the horizontal plane including
the rotating shaft 20, the flanges 61 whose front ends are bent
in the outer diameter direction of the rotating electrical
machine are arranged on the inner circumference side of the
stator coil 22. Below the horizontal plane including the rotat-
ing shaft 20, on the other hand, the flanges 61 whose front
ends are bent in the inner diameter direction of the rotating
electrical machine are arranged on the outer circumference
side of the stator coil 22 and bent radially inwards.

According to the rotating electrical machine of the sixth
embodiment, the operations and advantageous effects similar
to those in the first and the second embodiments can be
achieved. In addition, improvement in the bobbin 6, which is
an existing component, allows the guide plates 441 and 442 to
be formed without increasing the number of components and
without increasing production cost.

The rotating electrical machine of the sixth embodiment
may be varied as follows.

(1) Only the flange 61 of inner circumference side may be
bent towards the outer diameter side or only the flange 61 of
the outer circumference side may be bent towards the inner
diameter side.

(2) All the flanges 61 in a given area do not need to be bent,
and a variety of combinations are possible such as bending
flanges at intervals and leaving some flanges without bending
them.

Seventh Embodiment

The seventh embodiment according to the present inven-
tion will be explained with reference to FIG. 15.

FIG. 15 is a partial perspective sectional view of the stator
in the seventh embodiment of the rotating electrical machine
according to the present invention. It is to be noted that in the
figure, parts that are identical or corresponding to those in the
first embodiment are designated by the same reference
numerals, and their description will be curtailed.

The present embodiment is directed to a rotating electrical
machine whose winding method of the stator is a distributed
winding. A resin film is formed by filling an insulation resin
into a gap between segment coil end portions which are
circumferentially adjacent so that the guide plates 441 and
442 are formed by the continuity in the segment coil end
portions and the resin film.

The stator core 21 is provided with slots 218 in an axial
direction and a coil segment 22U is inserted into each of the
slots 21S. End portions 22UE of the coil segments 22U
inserted into the adjacent same-phase slots 21S protrude from
an axial end face 21F of the stator core 21 and are connected
with each other at the coil end portion.

In a gap 22G between the end portions 22UE of the cir-
cumferentially adjacent coil segments 22U, a resin film PM
constituted with insulation resin such as varnish is formed.
Theresin film PM and the end portions 22UE are integrated to
be continuous so as to form a guide member for a cooling
medium similar to the guide plates 41 and 42 of the first
embodiment.

For forming the resin film PM, a method is adopted, for
example, in which in a state where the gap 22G is covered on
the lower side by a jig, varnish or the like is supplied, and then
the jig is removed after the varnish or the like is cured.

According to the rotating electrical machine of the seventh
embodiment, the operations and advantageous effects similar
to those in the first embodiment can be achieved. In addition,
an extra member is unnecessary although there is an extra
process of forming the resin film PM with varnish. This
allows a cooling medium guide member having an equal
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function to that of the guide plates 41 and 42 to be formed
without increasing the number of components and without
increasing production cost.

While in FIG. 15, the resin film PM is formed on the
outmost diameter side of the adjacent coil segments 22U, the
resin film PM may be formed on the innermost diameter side.
In addition, the formation position of the resin film PM may
be changed depending upon a circumferential position, for
example, in the upper half and the lower half of the rotating
electrical machine.

Eighth Embodiment

The eighth embodiment of the rotating electrical machine
according to the present invention will be explained with
reference to FIG. 16.

FIG. 16 is a partial perspective sectional view of the stator
in the eighth embodiment of the rotating electrical machine
according to the present invention. It is to be noted that in the
figure, parts that are identical or corresponding to those in the
fifth embodiment are designated by the same reference
numerals, and their description will be curtailed.

In rotating electrical machine according to the present
embodiment, insulation ribs 25 are provided in a protruding
manner on the inner circumference surface of the coil end 22E
in place of the guide grooves 23 of the fifth embodiment. For
forming the rib 25, a method is used, for example, in which a
resin mold is closely attached to the inner circumference
surface of the coil end 22E, and then an insulation resin is
poured into the mold to be cured.

According to the rotating electrical machine according to
the present embodiment, the operations and advantageous
effects similar to those in the fifth embodiment can be
achieved.

Ninth Embodiment

The ninth embodiment of the rotating electrical machine
according to the present invention will be explained with
reference to FIG. 19.

FIG. 19 is a perspective view showing the ninth embodi-
ment of the rotating electrical machine according to the
present invention. [tis to be noted that in the figures, parts that
are identical or corresponding to those in the first embodi-
ment are designated by the same reference numerals, and
their description will be curtailed.

Inthe present embodiment, a lid-like member that covers at
least a part of the coil end 22E is provided.

As shown in FIG. 19, the lower half portion of the coil end
22E is covered with a semi-circular, lid-like member 70. After
flowing down from the upper half portion of the coil end 22E
along the coil end 22E, the cooling medium RF flows into the
lid-like member 70 and is held by the lid-like member 70. The
lid-like member 70 is provided with outlet vents 71 perforated
in the lower portion thereof, and the cooling medium RF held
in the lid-like member 70 is discharged after sufficiently
cooling the coil end 22E. This allows the cooling performance
to be increased.

Tenth Embodiment

The tenth embodiment of the rotating electrical machine
according to the present invention will now be explained with
reference to FIG. 20.

FIG. 20 is a perspective view showing the tenth embodi-
ment of the rotating electrical machine according to the
present invention. It is to be noted that in the figure, parts that
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are identical or corresponding to those in the first embodi-
ment are designated by the same reference numerals, and
their description will be curtailed.

In the tenth embodiment, coating material is applied to the
surface of the coil end 22E so as to improve the flow of the
cooling medium RF. Now, an example in which the oil based
cooling medium RF and a lipophilic coating material are used
will be explained.

As shown in FIG. 20, a lateral surface 22ES of the coil end
22E is applied with a lipophilic coating material, so that the
oil based cooling medium RF is guided along the lateral
surface 22ES. More specifically, the lateral surface 22 ES of
the coil end 22E is applied with a coating material having a
higher lipophilicity than that of the coating material applied
to the top end face. This allows the flow of the cooling
medium RF to be improved by a very simple measure, thereby
increasing the cooling effect.

It is to be noted that the rotating electrical machine of the
tenth embodiment may be varied as follows.

(1) The highly lipophilic coating material may be applied
to both of the inner circumference surface and the outer
circumference surface of the coil end 22F or may be applied
only to one of the surfaces.

(2) The flow of the refrigerant may be further improved by
applying a hydrophilic coating material to a top end face
22ET of the coil end 22E.

(3) Application of a lipophilic coating material to the lat-
eral surface 22ES can be omitted while a hydrophilic coating
material is applied to the top end face 22ET of the coil end
22E.

While in the above embodiments, a rotating electrical
machine with an inner rotor is explained, the present inven-
tion may also be applied to a rotating electrical machine with
an outer rotor.

Although the variety of embodiments and examples of
variations are described above, the present invention is not to
be limited only to those contents. The scope of the present
invention includes other possible embodiments invented
within the scope of the technical idea of the present invention.

The disclosure of the following priority application is
herein incorporated by reference: Japanese Patent Applica-
tion No. 2009-178119 filed on Jul. 30, 2009.

The invention claimed is:

1. A rotating electrical machine, comprising:

a stator that includes a stator core and a stator coil;

a rotor that rotates with respect to the stator;

a refrigerant supply port through which a cooling medium
is supplied to a coil end protruding from the stator core;
and

a guide member, disposed along at least a part of the coil
end, for causing the cooling medium supplied through
the refrigerant supply port to flow along the coil end,
wherein:

the guide member has a substantially semi-circular first
guide member opening downward and a substantially
semi-circular second guide member opening upward,
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the first guide member is disposed along an inner circum-
ference of the upper half portion of the coil end,

the second guide member is disposed along an outer cir-
cumference of the lower half portion of the coil end, and

the width of the first guide member that is substantially
equal to the inner circumference diameter of the stator
coil is less than the width of the second guide member
that is substantially equal to the outer circumference
diameter of the stator coil.

2. A rotating electrical machine according to claim 1,

wherein:

a rotating shaft of the rotor is placed horizontally; and

above a horizontal plane including the rotating shaft, the
guide member is disposed on at least a part of an inner
circumference side of the coil end, and below the hori-
zontal plane including the rotating shaft, the guide mem-
ber is disposed on at least a part of an outer circumfer-
ence side of the coil end.

3. A rotating electrical machine according to claim 1,

wherein:

the guide member is formed of an insulation paper that
insulates between the stator core and the stator coil.

4. A rotating electrical machine according to claim 1,

wherein:

a guide groove for guiding a flow of the cooling medium in
a circumferential direction is formed on a surface of the
guide member.

5. A rotating electrical machine according to claim 1,

wherein:

the stator coil is wound on a tooth of the stator core through
a bobbin;

a flange extending in a rotation axis direction of the rotor is
formed at an axial end of the bobbin; and

an end portion of the flange is bent in a radial direction of
the rotor so as to form the guide member.

6. A rotating electrical machine according to claim 5,

wherein:

a rotating shaft of the rotor is placed horizontally;

above a horizontal plane including the rotating shaft, the
guide member is formed by bending radially outward
the flange that is arranged radially inward of the coil end;
and

below the horizontal plane including the rotating shaft, the
guide member is formed by bending radially inward the
flange that is arranged radially outward of the coil end.

7. A rotating electrical machine, comprising:

a stator that includes a stator core and a stator coil;

a rotor that rotates with respect to the stator; and

a refrigerant supply port through which an oil based cool-
ing medium is supplied to a coil end protruding from the
stator core, wherein:

at least one of an inner circumference surface and an outer
circumference surface of the coil end is applied with a
coating material having a higher lipophilicity than that
of a coating material applied to a top end face of the coil
end.



